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Abstract 
Breakwater is built for a specific purpose related to wave and sedimentation. By constructing the breakwater in coastal waters, the 
previous behavior of the wave condition is disturbed. In this study, interaction of the structure (head of breakwater) and wave 
induced current is simulated in order to identify the current pattern. The current pattern should be taken into account to recalculate 
stability of the breakwater and might be used to predict the potential of scouring around the structure. A 3D hydraulic modeling 
was carried out using the wave basin. The study results that the current shows its complexity as it is influenced by so many 
contributors, i.e. an incident wave, reflection wave, longshore current as well as the porosity of the breakwater. 
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1. Introduction 
Breakwater is usually built in front of harbor or port in order to reduce waves coming into the harbor basin and the 
navigation channel. Effect of the existence of the breakwater not only change the wave condition but also current 
pattern. Interaction between groynes and waves induced current has been observed by1 by conducting field 
investigation as well as numerical modeling. The study concluded that rip currents adjacent to the groyne on the 
upstream of the groyne has important role for the failure of groyne. Rip current also appear on the lee side of the 
groyne which has potential for the offshore sediment transport.  
A three dimensional numerical modeling on wave-current model for coastal environments has been developed by2.
The study focused on the development of an unstructured 3D coupled wave-current model which consider the vertical 
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structure of radiation stresses. Eventhough the 3D approach resulted better wave set up than that of the 2D approach, 
the 3D model is qualitatively similar with the 2D approach in the level of agreement for the wave-driven circulation 
behind the breakwater. 
Physical modeling of wave motion and turbulence flow in front of a breakwater has been carried out by3. A caisson 
breakwater covered with wave-dissipating blocks was used for the two-dimensional modeling. The study shows that 
the turbulence in front of the breakwater consist of turbulence that is generated by the wave breaking process and 
turbulence due to the flow through the porous armor layer protecting the caisson breakwater. Effect of the last 
turbulence is restricted in the area around the armor. 
Phenomenon on wave-current pattern has been assessed by many researchers. Mean current flow in the form of 
Stoke’s drift is commonly adopted to portray the current resulted from the waves over a wave period, and following4
it is defined as: 
ELS uuu        (1) 
where Su  is the Stokes drift, Eu is the mean Eulerian velocity, Lu  is the mean Lagrangian velocity. Theoretically 
the mean Eulerian velocity and the mean Lagrangian velocity could be formulated5 as follows: 
2
2 VkauE        (2) 
kh
zhkkauL 2
2
sinh
)(2cosh
2
 V      (3) 
where a is the wave height, h is the mean depth of water, k is the wave number and V is the wave angular frequency. 
Substituting equations (2) and (3) into equation (1), yields 
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where H is the wave height, T is the wave period and L is the wave length. 
In the present study, behavior of current flow pattern around the head of breakwater is observed through the physical 
modelling conducted in the wave basin at the Coastal Dynamics Research Center in Yogyakarta. Assessment of 
complexity of the current pattern focuses on the phenomena due to refraction and reflexion as well as wave-induced 
current which consists of stokes drift and longshore current. The pattern of current is useful to determine the safety of 
navigation channel and to identify threat of the current to the stability of the breakwater, as well as understanding of 
potencies of scouring around the head of the breakwater.
2. Laboratory experiments 
A concrete model is constructed in the wave basin of 30 m wide and 50 m long. The model covers the area of the 
harbor that consist of harbor basin, turning basin, navigation channel, two breakwater as well as the sea contour up to 
the depth of -20m at the prototype (Fig.1). The physical model was prepared with scale of 1:64, based on Froude’s 
model law as described by6 in which inertial forces are balanced by gravitational forces. Equipments involved in the 
experiments are wave generator and instrumentations for collecting data of waves and currents. 
195 Aloysius Bagyo Widagdo et al. /  Procedia Earth and Planetary Science  14 ( 2015 )  193 – 199 
Fig. 1.  The hydraulic model of the Tanjung Adikarta harbor as well as the wave generator and instrumentations used in the experiment. 
Wave height sensors and magnetic currentmeters were used for collecting data of waves and currents respectively. 
In the present simulations, capacitance type of wave height meters are used to measure data of waves; and two 
magnetic current meters are utilized for collecting data of water current induced by waves. 
Various waves are generated in order to observe pattern of water current in front of the breakwater based on the 
difference of incident waves (actual waves at a particular location). The generated wave is controlled by the sensor of 
wave in location 1. Details of the test series based on variation of the generated waves are prepared in Table 1. The 
area of interest for the present study of the water current pattern is marked as location 2, as depicted in Fig.2. 
Fig. 2. Locations for controlling the generated waves (location 1) and measuring the water currents (location 2). 
Table 1. The test series 
No Test code
Generated waves at location 1
Height (cm) Period (s)
1 Test-01 1.00 1.5
2 Test-02 3.97 1.5
3 Test-03 6.32 1.5
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3. Results and discussion 
a. The Stokes drift 
The generated wave propagated from the deep water (location 1, near the wave generator) to the shallower water 
depth (location 2, near the head of breakwater) is affected by shoaling and refraction due to the condition of the bottom 
contours. It is not only due to the changing of the water depth but also due to the position of the contour lines. 
Theoretical stokes drift at the two locations for all variation of the generated waves as well as the incident waves are 
calculated based on the equation 4 and prepared in Fig. 3. 
Fig. 3.  (a) Theoretical Stokes drift at location 1 (near the wave generator, at the 30 cm water depth)  based on the generated waves;                               
(b) Theoretical Stokes drift at location 2 (near the head of breakwater, at the 12 cm water depth) based on the local incident waves. 
It is obvious that the Stokes drift at the deep water have a positive value near the surface and negative value near 
the bottom. Different phenomenon has happened at the shallower water, where the Stokes waves have only positive 
values. In general, the more shallows of the water depth is, the bigger the Stokes drift. Attention should be given at a 
certain position underwater at the location 2, i.e. at the level of 6.5 cm below the still water level where measurement 
of water current were taken during the test simulations. The values of the theoretical Stokes drift are 0.021 cm/s, 0.328 
cm/s and 0.832 cm/s for the test-01, test-02 and test-03 respectively. 
b. Current fields 
With only two current meters, the measurement of water current could not be carried out simultaneously for all 
points. Therefore a moving position of the sensors should be done in a steady state condition of the hydro-dynamics 
subject to the incident waves. Time measurement of water current around the head of breakwater (at location 2) was 
30 seconds for each point/node. The recorded data for each point measurement consists of two components of current 
velocities; u for the velocity in the x-coordinate direction and v for the velocity in the y-coordinate direction. As the 
wave propagate. It almost has the same direction with the y coordinate at the location 2, hence the v velocity behaves 
in a similar way to the horizontal velocity of water particle due to wave action. Sample of the recorded velocity and 
average of the velocity are prepared in Fig. 3 
The simplest way to present pattern of the water current around the head of breakwater is by using the average 
value of recorded current velocity of each point. The average water current patterns for all points based on the three 
variations of the incident wave at location 2 are prepared in the Fig. 4. 
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Fig. 3. Recorded velocity of point 7 in the level of -6.5 cm below the SWL based on the incident waves of 6.32 cm;                                                       
the v velocity is the component of current velocity that has the same direction with the incident wave propagation                                                        
and the u velocity is the velocity component that perpendicular with the propagation of the incident waves.  
Generally, Fig. 4 shows that the magnitude and the direction of the average current flow at each point is not uniform. 
The current is affected by combination of Stokes drift, longshore current, and current reflection from the breakwater. 
The complexity of the current pattern might mainly be caused by the reflected random current due to the appearance 
of the breakwater. Irregularity placement of the armor layer material at the breakwater has resulted a varying reflection 
coefficient along the breakwater perimeter. 
The biggest incident wave resulted the largest average current velocity in front of the breakwater. The pattern of 
the average water current due the biggest waves is more complicated than the others. In order to investigate the 
contribution of Stokes drift into the pattern of the water current, a relative value of the current is calculated by dividing 
the average current with the Stokes drift. Result of the calculation is presented in Table 2. 
Table 2. Relation of the actual current velocity to the Stokes drift 
No Test code Stokes drift, Us (cm/s)
Magnitude of current, U
(cm/s) U/Us
min max average min max average
1 Test-01 0.021 0.923 6.737 3.060 44.442 324.334 147.306
2 Test-02 0.328 0.973 13.654 5.520 2.966 41.630 16.830
3 Test-03 0.832 4.796 26.100 16.802 5.763 31.363 20.190
The highest value of U/Us is reached at the simulation with the smallest incident waves (test-01). It indicates that 
contribution of Stokes drift in the water current pattern is less dominant. The most significant impact of the Stokes 
drift appearance is in test-02, which is due to the not biggest incident waves. Although it has the highest contribution 
to the current pattern rather than the other tests, its role in average is actually only 1/16.830 (5.94 %). 
Simplification of the water current pattern presented in this paper has been made by analyzing the pattern based on 
the average value of the actual water current that fluctuate periodically following the incident waves. Hence, some 
information from the result of the simulation is still hidden, for example: the pattern of the range of the current 
magnitude. It is important as if the maximum water current is higher than the yield value for erosion of bed material, 
bed scouring must be considered. More detailed analysis is still necessary to obtain the more information of the 
phenomenon of water current due to waves in front of the breakwater.
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Fig. 4. The water current patterns around the head of breakwater (location 2): (a) based on the incident waves of 0.91 cm (test -01);                                    
(b) based on the incident waves of 3.61 cm (test-02); (c) based on the incident waves of 5.74 cm (test-03). 
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4. Conclusion 
The average water current pattern in front of the rubble mount type breakwater (location 2) is complex. Magnitude 
and direction of velocity at each point in the area are commonly random. The current is affected by waves induced 
current and reflected current from the breakwater. Stokes drift arisen due to the incident wave action at the area has a 
limited role in shaping the average current pattern in the area. For all the three simulations, the Stokes drift contribution 
in average is less than 6 % (5.94%), even the least contribution as depicted from test-01 is only less than 1% in average 
(0.68%). More detailed analysis that not using the average magnitude and direction of current velocity is still necessary 
to obtain the more information of the phenomenon of water current pattern due to the incident waves. Exploring an 
effect of the range of the actual current velocity (magnitude and direction in the time-series data) may open the more 
fascinating phenomena of the current pattern at the area.     
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